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Early detection and prevention of cardiac dysfunction is
an important goal in the management of hypertensive
patients. In this study, Doppler echocardiography was
used to evaluate the pattern of left ventricular diastolic
filling in 38 subjects: 18 treated hypertensive patients
(blood pressure 141 ± 17/83 ± 10 mm Hg, mean ±
SO) without other coronary risk factors and 20 risk-free
normotensive subjects of similar age (47 ± 10 and
49 ± 13 years, respectively).
Peak velocity of iate left ventricular filling due to the
atrial contraction was greater in hypertensive compared
with normotensive subjects (69 ± 14 versus 52 ± 13
cmls; p < 0.001). Peak velocity of late filling was sig-
Previous noninvasive evaluations of hypertensive subjects
have shown that left ventricular diastolic abnormalities may
precede systolic dysfunction (1-7) or even increased left
ventricular mass (2,6). Pulsed Doppler echocardiography,
which allows a real-time, direct and noninvasive measure-
ment of left ventricular function. has recently been used to
identify diastolic abnormalities by demonstrating abnormal
left ventricular diastolic filling pattern s in a variet y of disease
states (8- 10 ). The present stud y compared Doppler echo-
ca rdiographically deri ved diastol ic var iables in treated hy-
perten sive subjects and a normotensive control group of
similiar age.
Methods
Patient groups. Thirty-eight subjects were studied: 20
normotensive volunteers with a normal heart and 18 treated
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nificantIy greater in hypertensive versus normotensive
subjects in those aged 50 years or younger and those
older than age 50 (65 ± 12 versus 50 ± 11; P < 0.01
and 75 ± 15 versus 56 ± 15 cm/s; p < 0.05, respec-
tively). In hypertensive subjects, peak velocity of late
filling did not correlate with routine indexes of hyper-
tensive heart disease (including posterior wall thickness
and left ventricular mass), systolic and diastolic blood
pressure or duration of hypertension. These results in-
dicate that increased velocity of late left ventricular fill-
ing may be independent of left ventricular hypertrophy
and persist despite effective blood pressure control.
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hyperten sive subjects. Subje cts in both groups had a serum
cholesterol concentration less than 270 mg/dl , no history of
diabetes. no tobacco use in the last 2 years, no family history
of premature atherosclerotic disease and no evidence of
peripheral vascular disease , No hypertensive subject had
greater than grade II fundoscopic changes (Keith-Wagener-
Barker classification). Subjects were excluded from the study
if they had wall motion abnormalitie s on echocardiography,
any cl inical or Doppler evid ence of mitral or aortic regur-
gitation . heart rate greater than 90 beatslmin ( II) or if they
were athlet es. Blood pressure was controlled (diastol ic -s
95 mm Hg ) in hypertensive subjects for at least I month
before study by a single agent in 72% (either a diuretic drug.
a bela -adrenergic block ing agent or an angiotensin-con-
verting enzyme inhibitor) and in the remaining subjects by
a diuretic agent combined with prazosin , clonidine or rni-
noxidil . The duration of known hypertension ranged from
I to 20 years . All subjects gave informed consent to par-
ticipat ion in the study .
Echocardiographic examination. Two-dimensional
directed M-mode echocardiogr ams of the left ventricle at
the midpapillary muscle level were obtained from a two-
dimensional scanner (ATL) with a 3 .0 MHz mechanical
transducer. The left ventricular internal dimension and di-
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Figure I. Still frame. two dimensional echocardiogram in the
apical fourchamber viewshowingthetypicalpositionof the pulsed
Doppler sample volume (arrow). Visual and auditory guidance
was used to place the sample volume in a position distal to the
mitral anulus where the greatest velocity of diastolic fl ow was
obtained . LA = left atrium: LV = left ventricle: MV = mitral
valve: RA = right atrium: RV = right ventricle.
astolic septal and posterior wall thickness were measured
at the peak of the R wave of the electrocardiogram; the end-
systolic dimension was measured at the peak of the anterior
motion of the posterior wall during systole. All measure-
ments used the leading edge method.
Peak systolic wall stress was calculated according to the
formula of Grossman et al. (12):
Peak systolic wall stress ( x 10" dynes/crrr' )
= 0.334 x BP, x Dd/[hd X (I + hd/Dd)).
where BPs = systolic blood pressure (mm Hg), hd = di-
astolic posterior wall thickness (mm) and Dd = left ven-
tricular internal dimension at end-diastole (mm).
Left ventricular mass was calculated according to the
formula of Devereux and Reichek (13):
Mass (g) = 1.04[(1VS + LVID + PWW - (LVID)'] - 13.6.
where IVS = diastolic interventricular septal thickness (em),
LVID = end-diastolic left ventricular internal dimension
(em) and PWT = diastolic posterior wall thickness (em).
Pulsed Doppler examination. Each patient underwent
a pulsed Doppler echocardiographic examination of the left
ventricular inflow tract from the apical four chamber view
(Fig. I). Visual and auditory guidance was used to place
the sample volume in a position distal to the mitral anulus
where the greatest velocity of diastolic flow was obtained
( 10). Doppler examinations were performed with a 3.0 MHz
transducer using a wall filter of 400 Hz, and the signal was
recorded at a paper speed of 100 mm/s with velocity of
blood flow displayed on the ordinate and time on the ab-
scissa. tracings of the fi ve cardiac cycles with the highest
velocity profile of early diastolic left ventricular filling were
analyzed and an average was taken for the following mea-
surements (Fig. 2): I) peak velocity of early left ventricular
filling (peak E); 2) peak velocity of late left ventricular filling
due to atrial contraction (peak A). The ratio of peak A/peak
E was calculated as was the pressure half-time. which is
based on the quadratic relation between pressure and ve-
locity of flow across an orifice and is defined as the time
from peak E to peak E/v2 (14). AII echocardiographic and
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Figure 2. Pulsed Doppler waveform of left
ventricular diastolic flow velocity. Left panel,
From a 35 year old normotensive subject with
peak velocity of early left ventricular filling
(PEAK E) higher than peak velocity of late
filling (PEAKA). Rightpanel, From a65year
old hypertensive subject with peak A higher
than peak E. ecg = electrocardiogram.
ecg
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Number
Age (yr)
Male/female
Duration of HTN (y r )
Systolic BP ( 0101 Hg)
Diastolic BP (01 01 Hg)
Heart rate (beats/min)
Serum cholesterol (mg/dl)
Normotensive
20
47 :!:: 10
11/9
Il l' ± 17
70 :!:: 9
60 :!:: 10
205 ± 37
Hypertensive
18
49 :!:: 13
9/9
8 :!:: 7
14 1 ± 17
83 ± 9
6l' ± 12
211 :!:: 36
p Value
NS
NS
< 0.000 1
< 0.00 1
< 0.05
NS
BP = blood pressure; HTN = hypertension.
Doppler recordings were analyzed and measured by an ob-
server who was unaware of the patients' status.
Blood pressure recordings. Blood pressure was mea-
sured every 5 minutes during the echocardiographic ex-
amination from a cuff overlying the brachial artery with an
electronic monitor (Infrasound, model 04000, Puritan-Ben-
nett Corp . ), and the average of three to fi ve supine blood
pressure measurements recorded during the session was used
as the indicator of blood pressure control. Systolic blood
pressure at the time of measurement of the left ventricular
dimensions was used in the calculation of wall stress.
Stati stical analysis. Statistical analysis was made with
the SAS Institute programs. Independent sample t tests for
unpaired data and linear regression were performed. A prob-
ability value less than 0.05 was considered to be significant.
Values are reported as mean ± SO. Statistical analysis of
subgroups of hypertensive subjects based on type of therapy
was not made because of the small number of patients in
each group.
Results
Patient characteristics (Table 1). Normotensive and
hypertensive subjects were similar with respect to age, sex
distribution and serum cholesterol level. Despite therapy.
blood pressure was significantly higher in the hypertensive
subjects. Hypertensive subjects also had a significantly faster
heart rate at the time of the Doppler recording.
Echocardiographic measurements (Table 2). Posterior
wall thickness and mass per square meter were significantly
greater in the hypertensive than in the normotensive group
but were in the range of borderline to mild hypertrophy as
recently reported by Hammond et al. (1 5). Systolic and
diastolic left ventricular internal dimensions, fractional
shortening. wall stress and EF slope did not differ signifi-
cantly between the two groups.
Doppler measurements (Table 3). Peak velocity of late
left ventricular filling was significantly higher (33%) in the
hypertensive group compared with the normotensive control
subjects (69 ± 14 versus 52 ± 13 cm/s, p < 0.00 1).
Increased velocity of late fi lling occurred in younger as well
as older hypertensive subjects (Fig. 3.) In hypertensive sub-
jects the velocity of late fi lling did not correlate with stand-
ard echocardiographic indexes of hypertrophy, including
posterior wall thickness and left ventricular mass index.
Specifically. the elevated peak velocity of early filling was
found in the absence of increased posterior wall thickness
in one-third of hypertensive subjects. In addition, peak ve-
locity of late ventricularfilling due to atrial contraction(peak
A ) did not correlate with systolic or diastolic blood pressure
at the time of study or with duration of hypertension.
Peak velocity of early left ventricular fi lling (peak E) and
Table 2. Echocardiographic Measurements in 38 Subjects
Normotensive
( n = 20 )
Hypertensive
(n = 18) p Value
Posterior wall ( 0101)
Septum (0101 )
LVID (Col)
Mass/m' (g /m 1)
%FS
LA/m1 (cm/mo,
EF slope (mrn/s)
Wall stress
( x 10' dynes/crrr ')
9 .3 :!:: 1.3
1.0 :!:: 1.3
4 .75 :!:: 0 .37
102 :!:: 17
39 ± 4
1.9 ± 0.5
104 :!:: 32
171 :!:: ..
10.7 :!:: 2. 1
1.1 :!:: 2.7
4 .76 ± 0 .37
130 ± 43
40 ± 7
z.o ± 0.2
84 ± 27
174 :!:: 3 1
< 0. 05
< 0.05
NS
< 0 .05
NS
NS
NS
NS
FS = fractional shortening: LA = left atrium: LVID = left ventricular internal dimension at end-diastole;
NS = not significant.
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Table 3. Doppler Flow Measurements in 38 Subjects
Normotensive
(n = 20)
Hypertensive
(n = 18) p Value
Peak E (crn/s)
Peak A (cm/s)
Peak A/Peak E
PHT (rns)
Peak E x YRR (em)
65 ± 15
52 ± 13
0.84 ± 0.3
71 ± 16
2.0 ± 0.4
69 ± 15
69 ± 14
1.1 ± 0.4
71 ± 15
2.0 ± 0.5
NS
<0.001
<0.05
NS
NS
Peak A = peak velocity of late left ventricular tilling; peak E = peak velocity of early left ventricular
tilling; PHT = pressure half-time.
0'---------------'
Discussion
early and late left ventricular filling and pressure-volume
relations can be derived from cardiac catheterization and
cineangiography. Although these measurements are prob-
ably the most accurate indexes of diastolic function, they
require an invasive procedure (22), and diastolic character-
istics can be evaluated by several noninvasive techniques.
Left ventricular filling rates can be calculated from radio-
nuclide angiography, and Doppler echocardiography ac-
tually measures velocityof blood flowduring left ventricular
filling. Close correlations have been found between diastolic
filling variables measured by Dopplerechocardiography and
both cineangiographic (10) and radionuclide angiographic
(II) techniques. However, the Doppler method has the ad-
vantage over these other methods of providing direct, non-
invasive and rapid on-line determinations of diastolic func-
tion without requiring ionizing radiation exposure or off-
line computer manipulation.
Abnormal late ventricular filling. The major finding
of our study was that peak velocity of late left ventricular
filling due to atrial contraction (peak A) was significantly
greater than normal in hypertensive subjects with effectively
controlled blood pressure. Peak velocity of late filling did
not correlate with routine echocardiographic indexes of hy-
pertensive heart disease, including posterior wall thickness
and left ventricular mass index, suggesting that this Doppler
abnormality may be independent of hypertrophy.
Snider et al. (9) first reported that velocity of late filling
was greater in hypertensive children compared with nor-
motensive control children and that this increase occurred
even before detectable left ventricular hypertrophy. Re-
cently, Dianzumba et al. (23) found that velocity of late
filling was higher in adults with mild hypertension (blood
pressure 152 ± 16/98 ± 5 mm Hg) who had been untreated
for at least 4 weeks than in age-matched control subjects.
Our findings demonstrate that even if the blood pressure is
effectively controlled, peak velocity of late filling is higher
in hypertensive than in normotensive control subjects.
Normal early ventricular filling. Similar to previously
reported Doppler studies (9,23) comparing hypertensive with
age-matched control subjects, peak velocity of early left
ventricular filling and pressure half-time were normal in our
study. In contrast, Kitabatake et al. (8) found that peak
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Diastolic abnormalities of ventricular function contribute
to the clinical manifestations of several diseases, including
hypertrophic cardiomyopathy, amyloid heart disease and
coronary artery disease (17-19). In uncomplicated hyper-
tensive heart disease, diastolic abnormalities may precede
detectable systolic dysfunction or even an increase in left
ventricular mass (1-7). Additionally, congestive heart fail-
ure may occur in a subgroup of hypertensive subjects as a
result of severely abnormal diastolic function, despite nor-
mal systolic function (20,21).
Evaluation of diastolic ventricular function. Diastolic
function can be evaluated by several methods. The rate of
$50 >50
AGE (years)
Figure 3. Comparison of peak velocity of late ventricular filling
(PEAK A) between normotensive and hypertensive subjects sub-
divided according to age 50 years or less and older than 50 years.
pressure half-time, both measures of early diastolic filling,
were similar in hypertensive and normotensivesubjects. The
ratio of peak A/peak E, however, was significantly greater
in hypertensive subjects. There was no inverse correlation
between peak velocity of early left ventricular filling and
late filling velocity. Shorter cycle lengths are associated with
faster early filling (5). but even when peak velocity of early
left ventricular fillingand pressure half-time were multiplied
by the square root of the RR interval to normalize for the
significantdifference in cycle length between the two groups
(16), there was no significant difference in early filling (Ta-
ble 3).
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velocity of early left ventricular fill ing was lower in hy-
pertensive subjects, but their control group was 8 years
younger than their hypertensive group. This age difference
probably accounts for the lower peak velocity of early left
ventricular fill ing found in their hypertensive subjects. be-
cause aging itself is associated with left ventricular diastolic
dysfunction (24,25). Also, blood pressure in the hyperten-
sive subjects studied by Kitabatake et al. (8) was higher
than that in our patients, and this may have contributed to
a lower peak velocity of early filling because increased blood
pressure can cause a delay in early relaxation (26).
Studies withdigitizedechocardiography and nuclearan-
giography havedemonstrated reduced rates of earlydiastolic
leftventricularfilling in hypertensive patients (1,3-7). Early
filling . however, has been shown to improve with effective
therapy and reduction of left ventricular mass (27). The
normal peak velocity of early left ventricular filling found
in our treated hypertensive subjects is consistent with the
latter report.
Mechanisms for increased velocity of late filling. This
finding in hypertensive subjects could result from either I)
a reduction in atrial emptying in early diastole causing a
shift in ventricular filling to late diastole. or 2) atrial hy-
percontractility. Decreased left ventricular compliance in
early diastole or reduced fill ing time because of tachycardia
could each cause a shift in filling from early to late diastole.
In this study, however, the variable of early filling (peak
velocity of early filling) was normal in the hypertensive
group, and no subject had a heart rate greater than 90
beats/min. In addition, there was no inverse correlation be-
tween peak velocityof earlyand late filling . Therefore, atrial
emptying in early diastole appeared to be normal in the
hypertensive group. This suggests that atrial hypercontrac-
tility was the cause of increased velocity of late filling. In
animal models of hypertension (28), left atrial hypertrophy
occurs in association with left ventricular hypertrophy and
increased velocity of late filling could be the result of a
more forceful atrial contraction.
Limitations of the study. Diastolic functional variables
can be adversely affected by ischemic heart disease (19).
However. because none of the patients had risk factors other
than hypertension and because the risk of coronary artery
disease in asymptomatic adults is very low (29). it is unlikely
that significant coronary artery disease was present.
No correlation was found between peak velocity of late
fill ing and the reportedduration of hypertension. However,
the actual duration of hypertension before therapy and the
duration of effective treatment are rarely known. Therefore.
it cannot be ascertained whether the increase in velocity of
late filling seen in treated hypertensive subjects is irrevers-
ible or due to either prolonged untreated hypertension or
inadequate prior therapy .
Additionally, no correlation was found between abnor-
malities of latediastolicfilling and indexes of leftventricular
hypertrophy. suggesting that they may be independent pro-
cesses. Because the patients were treated, however. it is
possible that ventricular hypertrophy was present before
therapy but regressed with treatment (30) while ventricular
diastolic or left atrial abnormalities might have remained;
perhaps this accounts for the lack of correlation between
peak velocity of late fi lling and left ventricular mass.
Conclusion. In this study increased velocity of late ven-
tricular filling was present in younger (~50 years) and older
(> 50 years) hypertensive subjects despite effective control
of blood pressure. Abnormalities of ventricular filling that
are reflected in late diastole may therefore be independent
of left ventricularhypertrophy and may persist despite ther-
apy. The mechanism, prognostic significance and reversi-
bility of the increased velocity of late left ventricular filling
due to atrial contraction in treated hypertensive patients
remain to be determined.
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